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HEAD-TO-HEAD CONNECTOR SPINAL FIXATION SYSTEM 



BACKGROUND OF THE INVENTION 

Spinal fixation systems are implanted during a surgical procedure to treat a 
variety of problems that include correction of congenital spinal deformities, repair of 
5 spinal injuries and fusion of vertebra to stabilize degenerative conditions and alleviate 
chronic lower back pain. It is well known in the correction of spinal deformities to affix 
a rod or pair of rods longitudinally to the spinal column with a plurality of screws. It is 
further common to cross link or interconnect the longitudinal rods to provide additional 
stabilization by using at least one additional member to horizontally bridge the pair of 
10 spinal rods. Devices such as these commonly consist of a brace or connector for 
providing the desired lateral support. The connector is fastened to each of the spinal 
rods by clamps or other means located on each end of the connector. 

Usually, a surgeon first attaches the screws to the spine in appropriate positions, 
then attaches each screw to a spinal rod and determines where to place the connectors. 
15 However, a curvature of the spine and limited available space sometimes results in such 
an alignment of the screws that a connector must be skipped at a position where the 
surgeon would place it otherwise. This can happen when linear distance between two 
adjacent screws in insufficient for fastening a connector to the rod. 

Therefore, a need exists for a spinal fixation system that overcomes or 
20 minimizes the above-referenced problems. 
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SUMMARY OF THE INVENTION 

The present invention relates to a spinal fixation assembly and an orthopedic 
implantation device for use in spinal fixation, comprising at least two bone anchors and 
a connecting plate for connecting the bone anchors. 
5 In one embodiment, the present invention is a spinal fixation system, comprising 

at least two bone anchors; a rod connecting the bone anchors; and a cormecting plate 
extending from a proximal surface of at least one of the bone anchors. 

In another embodiment, the present invention is a connecting plate for 
cormection to at least one bone anchor, comprising an end portion defining an opening, 
10 the opening having a distal bearing surface and a proximal bearing surface, the end 
portion defining at least one plane; and a spanning portion extending from the end 
portion, at least a portion of the spanning portion being offset from the at least one 
plane defined by the end portion. 

In another embodiment, the present invention is a bone anchor for use with an 
15 orthopedic device comprising a distal portion for engaging a bone and a rod-receiving 
portion, connected to the distal portion, for engaging a rod, wherein the rod-receiving 
portion defines a convex proximal bearing surface. 

In another embodiment, the present invention is a spinal fixation system, 
comprising a first set of at least two bone anchors; a second set of at least one bone 
20 anchor; a fixation element connecting the bone anchors of the first set; and a cormecting 
plate connecting a bone anchor of the first set with a bone anchor of the second set. 

In another embodiment, the present invention is a method of fixing vertebrae 
relative to each other, comprising the steps of implanting a first bone anchor and a 
second bone anchor in a first vertebra and a second vertebra, respectively; cormecting 
25 the first and second bone anchors with a fixation element and coupling one end of a 
connecting plate to a proximal bearing surface of at least a portion of the first bone 
anchor. 

In another embodiment, the present invention is a method of decompression of 
the spinal canal, the method comprising dissecting a posterior element of a vertebra; 
30 positioning the posterior element of the vertebra to expand the spinal canal; and 



maintaining the position of the posterior element with a connecting plate coupled to a 
bone anchor fastened to the vertebra. 

One advantage of the present invention is that it allows the operating surgeon to 
select a proper position for a connector independent of local curvature of the spine and 
the available space along a rod between screws. Another advantage of the invention is 
that it provides an implantable spinal fixation assembly with a relatively small number 
of elements, thus resulting in easier implantation and increased reliability. Yet another 
advantage of the invention is that it prevents splaying of the head of the polyaxial screw 
of the invention due to a combination of engaged convex and concave surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 A is a perspective view of one embodiment of a spinal fixation system of 
the present invention. 

FIG. IB is a cross-section of the system shown in FIG. 1 A. 

FIG. 2 A is a perspective view of one embodiment of a connecting plate of the 
present invention 

FIG. 2B is a top view of the embodiment of FIG. 2 A. 

FIG. 2C is a side view of the embodiment of FIG. 2- A. 

FIG. 3 A is a perspective view of another embodiment of a connecting plate of 
the present invention. 

FIG. 3B is a top view of the embodiment of FIG. 3 A. 

FIG. 3C is a side view of the embodiment of FIG. 3 A. 

FIG. 4A is a perspective view of an alternative embodiments of a cap of the 
present invention. 

FIG. 4B is a top view of the embodiment of FIG. 4 A. 

FIG. 4C is a side view of the embodiment of FIG. 4A. 

FIG. 4D is a cross-section view of the embodiment of FIG. 4A. 

FIG. 5 A and FIG. 5B show cross-sections of two embodiments of the system of 
the present invention that include a polyaxial screw. 



FIG. 5C is a cross-section of a partially assembled system of the present 
invention that includes a domed bearing surfaces. 

FIG. 5D is a cross-section of an alternative embodiment of a partially assembled 
system of the present invention that includes a domed bearing surfaces. 

FIG. 6 is a perspective view of an embodiment of a spinal fixation system of the 
present invention that includes a floating washer. 

FIG. 7 A is a perspective view of the floating washer of the embodiment of FIG. 

6. 

FIG. 7B is a side view of the embodiment of FIG. 7 A. 

FIG. 7C is a top view of the embodiment of FIG. 7 A. 

FIG. 8 A is a perspective view of an embodiment of a set screw of the spinal 
fixation system of the present invention. 

FIG. 8B is a side view of the embodiment of FIG. 8 A. 

FIG. 8C is a top view of the embodiment of FIG. 8 A. 

FIG. 9A is a perspective view of another embodiment of a set screw of the 
spinal fixation system of the present invention. 

FIG. 9B is a side view of the embodiment of FIG. 9 A. 

FIG. 9C is a top view of the embodiment of FIG. 9A. 

FIG. 9D is a cross-section view of the embodiment of FIG. 9 A. 

FIG. 1 OA is a perspective view of another embodiment of a set screw of the 
spinal fixation system of the present invention. 

FIG. 1 OB is a side view of the embodiment of FIG. lOA. 

FIG. IOC is a top view of the embodiment of FIG. lOA. 

FIG. lOD is a cross-section view of the embodiment of FIG. lOA. 

FIG. 11 A is a perspective view of an embodiment of a connecting plate of the 
present invention. 

FIG. 1 IB is a top view of the embodiment of FIG. 1 lA. 

FIG. 1 IC is a side view of the embodiment of FIG. 1 1 A. 

FIG. 12A is a perspective view of another embodiment of a connecting plate of 
the present invention. 
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FIG. 12B is a top view of the embodiment of FIG. 12 A. 

FIG. 12C is a side view of the embodiment of FIG. 12 A. 

FIG. 13A is a perspective view of another embodiment of a connecting plate of 
the present invention. 
5 FIG. 13B is a top view of the embodiment of FIG. 13A. 

FIG. 13C is a side view of the embodiment of FIG. 13 A. 

FIG. 14A illustrates the use of a spinal fixation system of the invention to 
support the spinous process in the rotated position during partial laminosplasty. 

FIG. 14B illustrates the use of a spinal fixation system of the invention to 
1 0 support the spinous process during total laminosplasty. 

FIG. 15 is a perspective view of an altemative embodiment of a spinal fixation 
system of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

15 The foregoing and other objects, features and advantages of the invention will 

be apparent from the following more particular description of preferred embodiments of 
the invention, as illustrated in the accompanying drawings in which like reference 
characters refer to the same parts throughout the different views. The drawings are not 
necessarily to scale, emphasis instead being placed upon illustrating the principles of 

20 the invention. 

A spinal fixation assembly of the present invention generally includes one or 
more bone anchors which are implanted through a portion of a vertebra, for example, 
the pedicle, lamina, or lateral mass of the vertebra. The bone anchors, described in 
detail below, may be connected by a spinal fixation element, such as, for example a rod, 

25 plate, or cable. The spinal fixation element extends generally along the axis of the spine 
to fix one or more vertebrae of the spine. One or more connecting plates, described in 
detail below, can be attached to the bone anchors. These connecting plates can be 
attached to the bone anchors implanted on opposing sides of the spine, thus providing 
additional stability to the assembly. In one embodiment, the connecting plate can 

30 protect the spinal cord after a fixU or partial laminectomy. 
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The term "distal", as used in the instant disclosure, means farther from the 
surgeon, facing into the body; the term "proximal" means closer to the surgeon, facing 
out of the body. 

In one embodiment, a spinal fixation system 100 is shown in FIG. 1 A and FIG. 
5 IB. Referring to FIGs. 1 A and IB, the system of the present invention includes at least 
two bone anchors 102, a spinal fixation element in the form of a rod 104 connecting the 
bone anchors 102, and connecting plate 106, extending from proximal surface 108 of at 
least one of bone anchors 102. The bone anchors 102 may be a monoaxial bone screw, 
a polyaxial bone screw, a bolt, a hook, or any other implant or combination of implants 

10 designed to engage bone and connect to a spinal fixation element. In the illustrated 

embodiments described below, the bone anchors 102 are polyaxial screws, although one 
of ordinary skill in the art will appreciate that other types of bone anchors may be 
employed. Each of bone anchors 102 in the exemplary embodiment includes distal 
portion 110 and rod receiving portion 114. 

15 Spinal fixation system 100 further includes set screw 116 that threadably 

engages rod receiving portion 114, whereby set screw 116 contacts and fixes rod 104 to 
bone anchor 102. Although, one of ordinary skill in the art will appreciate that closure 
mechanisms other than a threaded set screw may be employed to fix the rod 104 to the 
bone anchor. For example, in other embodiments, a twist-in, non-threaded closure 

20 mechanism may be employed. 

Spinal fixation system 100 further includes cap 1 18 or, alternatively, cap 119, 
that threadably engages set screw 116, whereby cap 118 fixes connecting plate 106 to 
rod-receiving portion 114 of bone anchor 102. 

Referring now to FIGs. 1 A and IB and, specifically, to FIGs. 2 A, B and C„ 

25 connecting plate 106 defines opening 120 for receiving at least one bone anchor 102 at 
end 122 and sparming portion 124 extending from end 122. In one embodiment, set 
screw 1 16 or caps 1 18 or 1 19 extend through opening 120 when connecting plate 106 is 
fixed to bone anchor 102. In one embodiment of a connecting plate, shown in FIGs. 3 
A, B and C„ connecting plate 130 includes buttress 132 at distal side 134 of spanning 

30 portion 136. 
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In one embodiment of system 100, there are provided two sets of bone anchors 
102. As used herein, a "set" refers to one or more bone anchors, implanted on the same 
side of the spine, and connected by a rod. Accordingly, in one embodiment, bone 
anchors of one set are connected by rods 104 and bone anchors of one set are connected 
5 to bone anchors of another set by connecting plates 106. 

Referring to FIG. 1 A-B and FIGs. 2A-C, in one embodiment, connecting plate 
106 has distal bearing surface 138 that is domed. Proximal surface 108 of bone anchor 
102 mates with connecting plate 106 so that proximal surface 108 bears onto distal 
surface 138 of connecting plate 106. Distal surface 138 can be spherically or conically 
10 domed. 

In other embodiments, the bearing surfaces may be flat or may have any other 
shape sufficient to facilitate coupling of the plate to the bone anchor. 

Referring to FIGs. 1 A and B, in one embodiment of system 100, connecting 
plate 106 is oriented at an angle in a range between about 20° and about 160° relative to 

15 rod 104. In another embodiment, connecting plate 106 is oriented at an angle in a range 
between about 60° and about 120° relative to rod 104. 

Referring now to FIGs. 4A-D and FIGs. 5A, B and C, cap 1 18 or 1 19 has distal 
bearing surface 140 that is chamfered or domed. Distal bearing surface 140 of cap 1 18 
or 1 19 mates with proximal bearing surface 142 of connecting plate 106. 

20 In another embodiment, the spinal fixation system of the invention is system 

100' as shown in FIG. 6. Referring to FIG. 6 and, specifically, to FIGs. 7A-C, system 
100' of the present invention further includes floating washer 144. Floating washer 144 
includes bearing surface 146 that mates with distal bearing surface 140 of cap 1 18 or 
1 19, and rails 148 that slidably engage connecting plate 150. Cormecting plate 150 is 

25 fixed to bone anchor 102 by compression between floating washer 144 and bone anchor 
102. In one embodiment of system 100', distal bearing surface 140 of cap 1 18 or 1 19 is 
domed. 

Referring to FIGs. 4A-D and FIGs. 8A-C, in one embodiment of the invention, 
cap 118 threadably engages set screw 1 16 at threaded bore 152 defined by cap 118. In 
30 an alternative embodiment, and now referring to FIG. 4 and FIGs. 9A-D and lOA-D, 
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cap 1 19 threadably engages threaded bore 156 or 156' defined by set screw 154 (FIGs. 
9A-D) or 154' (FIGs. lOA-D). 

Description of a spanning plate of the invention will now be given with 
reference to connecting plate 106 as shown in FIGs. 2A-C. It will be understood that 
5 any of the alternative embodiments of a connecting plate 106, such as 130 (FIGs. 3), 
160 (FIGs. 11), 170 (FIGs. 12) and 180 (FIGs. 13), have equivalent elements including 
at least one end (131 in FIGs. 3, 162 in FIGs. 11, 172 or 172' in FIGs. 12 and 182 or 
182' in FIGs. 13) defining an opening (133 in FIGs. 3, 166 in FIGs. 11, 176 or 176' in 
FIGs. 12 and 186 or 186' in FIGs. 13) and a spanning portion (136 in FIGs. 3, 164 in 
1 0 FIGs. 1 1 , 1 74 in FIGs. 1 2 and 1 84 in FIGs. 1 3). Description of elements of spanning 
plate 106 is equivalent to the description of like elements of the alternative 
embodiments. 

Referring to FIGs. 2A-C, connecting plate 106 defines opening 120 at each end 
122. During the operation of the system of the present invention, each end 122 is fixed 

15 to proximal surface 108 of bone anchor 102 (see FIGs. lA and IB). In one 

embodiment, spanning portion 124 of connecting plate 106 is arcuate, having a radius 
of curvature in a range of between about 5 mm and about 15 mm.. In another 
embodiment, the radius of curvature is in the range of between about 8 mm and about 
12 mm. Openings 120, defined by connecting plate 106, may circular, elliptical, 

20 polygonal, or have any other shape suitable for accepting the bone anchor. In one 

embodiment, shown in FIGs. 13, opening 186 defined by connecting plate 184 is open- 
ended. The spanning portion 124 of the connecting plate 106, in one embodiment, may 
have a thickness a, as indicated in FIG. 2C (side view) that is less that a width b of the 
plate, as indicated in FIG. 2B (top view). Such a configuration allows for intraoperative 

25 contouring of the plate to accommodate patient anatomy yet also provides geometric 
stiffness to impart torsional rigidity to the plate and spinal construct. Further referring 
to FIGs. 2A-C, in one embodiment of connecting plate 106, spanning portion 124 is 
offset fi-om a plane defined by end 122 of the connecting plate. In one embodiment, 
spanning portion 124 is offset by at least about 3mm firom a plane defined by end 122 of 

30 the connecting plate. In another embodiment, spanning portion 124 is offset by 
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between about 5mm to about 10mm from a plane defined by end 122 of the connecting 
plate. 

Referring now to FIG. 5 A, B and C, in one embodiment, the present invention is 
a bone anchor for use with an orthopedic device. The bone anchor of the invention 
5 includes distal portion 1 10 and rod-receiving portion 1 14, that defines proximal bearing 
surface 108. In one embodiment of the invention, proximal bearing surface 108 can be 
selected from the group consisting of an at least partially spherically convex surface, 
conically convex surface, spherically concave surface and conically concave surface. 
Preferably, proximal bearing surface 108 is convex. In one embodiment, proximal 

10 bearing surface 108 has a radius of curvature between about 5mm and about 15mm. 

In one embodiment, the bone anchor of the invention is a polyaxial screw. In 
this embodiment, distal portion 110 includes a bone screw portion 192 and a head 190, 
coimected to the bone screw portion. Head 190 mates with rod receiving portion 114, 
whereby bone screw portion 192 pivots about a pivot point at head 190 of the bone 

15 screw portion 192. The bone anchor can further include compression member 196 that 
defines rod seat 198, disposed within the rod-receiving portion adjacent to the head of 
the bone screw portion. During an operation of spinal fixation system 100 that employs 
this embodiment of a bone anchor, compression member 196 is disposed between rod 
104 and head 190 of distal bone anchor portion 1 10 so that rod seat 198 substantially 

20 mates with rod 104. 

Referring now to FIG. 5C, proximal surface 108 of rod receiving portion 1 14 is 
spherical and has a radius of curvature Rl that extends from the point about which bone 
screw portion 192 pivots. Bearing surface 140 of caps 1 18 or 1 19 has a radius of 
curvature R4 that extends from the point about which the bone screw portion 192 

25 pivots. In one embodiment, distal and proximal bearing surfaces 138 and 142, 
respectively, of cormecting plate 106 each have radii of curvature R2 and 
respectively. In one embodiment, each radius extends from the point about which bone 
screw portion 192 pivots. In other embodiments, the radii may extend from a point 
distinct from the pivot point of the bone screw. Each of the radii Rl, R2, R3 and R4 

30 can be in a range between about 5mm and about 15mm. In alternative embodiments of 
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spanning plates 106, 160, 170 and 180, each of the distal and proximal bearing surfaces, 
exemphfied by surfaces 138 and 142, respectively, in FIGs. 2A-C, can be concave or 
convex or flat. The bearing surfaces can have various shapes, such as conical or 
spherical. 

5 In one embodiment, shown in FIG. 5D, connecting plate 106' defines opening 

120' at end 122'of the plate wherein the opening has bearing surface 194 that mates 
with proximal surface 108 of bone anchor 102. 

Now referring to FIG. 1 A and FIG. IB, in a preferred embodiment, a fully 
assembled spinal fixation system of the invention comprises: a first set of at least two 

10 bone anchors 102, a second set of at least one bone anchor 102, (c) a fixation element 
connecting bone anchors 102 of the first set, and connecting plate 106 or an alternative 
embodiment thereof as described herein, connecting bone anchor 102 of the first set 
with bone anchor 102 of the second set. In one embodiment, a connecting element is 
rod 104. At least one anchor 102 includes (i) rod receiving portion 114 that includes 

15 proximal bearing surface 108 and (ii) distal portion 110, including bone screw portion 
192 and head 190 that mates with rod receiving portion 114. Bone screw portion 192 
pivots about a point at head 190. 

The fiiUy assembled spinal fixation system fiirther includes a closure mechanism 
engageable with anchor 102 to fix rod 104 within rod receiving portion 1 14 of anchor 

20 102. In one embodiment, the closure mechanism includes a set screw 1 16 or any of its 
alternative embodiments described herein, which is threadably engageable with rod 
receiving portion 114, whereby set screw 116 contacts and fixes rod 104 within rod 
receiving portion 1 14. 

The fiiUy assembled spinal fixation system fiirther includes a cap engageable 

25 with the closure mechanism to fix connecting plate 106 to bone anchor 102._In one 

embodiment, the cap is cap 1 18 or any of its alternative embodiments described herein. 
Cap 118, which defines distal bearing surface 140, is threadably engageable with set 
screw 116, whereby connecting plate 106 is fixed at proximal bearing surface 108 of 
rod receiving portion 114. 
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The operation of the present invention will now be described with reference to 
FIGs. lA, IB, 5 A and 5B. It will be understood that any alternative embodiments of 
bone anchors, connecting plates, set screws or caps can be used interchangeably. 

During operation of the spinal fixation system of the present invention, a first 
5 and a second bone anchors 102 are implanted in a first vertebra and a second vertebra, 
respectively. The first and second bone anchors 102 are connected with a fixation 
element, which, in one embodiment, is rod 104. Next, one end 122 of a connecting 
plate 106 is coupled to a proximal bearing surface 108 of at least a portion of the first 
bone anchor 102. In one embodiment, the above-described steps are followed by 

10 implanting a third bone anchor 102 in the first vertebra on a side of the spine opposite 
the first bone anchor 102, and coupling connecting plate 106 to proximal bearing 
surface 108 of the third bone anchor 102. 

In another embodiment, a fourth bone anchor 102 is implanted in the second 
vertebra on a side of the spine opposite the second bone anchor 102, and connecting 

15 plate 106 is coupled a to proximal bearing surface 108 of the second bone anchor 102 
and to proximal bearing surface 108 of the fourth bone anchor 102. 

In one embodiment, bone anchors 102 are implanted in two adjacent vertebrae. 
Rod receiving portions 1 14 of each bone anchor 102 are aligned for receiving rod 104. 
Rod 104 is placed in rod receiving portions 114, thereby connecting bone anchors 102. 

20 Set screws 1 16 are threadably engaged in rod receiving portions 1 14 of at least a portion 
of bone anchors 102, thereby fixing rod 104 to bone anchors 102. One end 122 of at 
least one connecting plate 106 is mated to proximal bearing surface 108 of at least a 
portion of bone anchors 102. Next, caps 1 18 are engaged with at least a portion of set 
screws 116, thereby fixing connecting plate 106 to bone anchors 102, Following the 

25 steps described above, a second bone anchor 102 is implanted in a least one vertebra. 
Connecting plate 106 is fixed to proximal bearing surface 108 of the second bone 
anchor 102. 

In one embodiment of the invention, during the operation of the spinal fixation 
system described herein, at least two second bone anchors 102 are implanted into at 
30 least two vertebra. Next, rod 104 is placed into rod receiving portions 1 14 of the second 
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bone anchors 102, followed by threadably engaging set screws 1 16 into rod receiving 
portion 1 14 of at least a portion of bone anchors 102, thereby fixing rod 104 to bone 
anchors 102. In some embodiments, a plurality of connecting plates 106 is fixed to 
proximal bearing surfaces 108 of at least a portion of the second bone anchors 102. 
5 Connecting plates 106 are fixed to proximal bearing surfaces 108 by threadably 
engaging caps 118 with set screws 116. 

Now referring to FIGs. 14 A and B, in one embodiment, the present invention is 
a method of decompression of the spinal canal. The method comprises the steps of 
making a first dissection 204 in posterior element 200 of a vertebra; positioning 

10 posterior element 200 of the vertebra to expand spinal canal 2021; and maintaining the 
position of posterior element 200 with a connecting plate (106 or 130) coupled to bone 
anchor 102 fastened to the vertebra. In one embodiment, posterior element 200 is a 
portion of the lamina of the vertebra. In another embodiment, posterior element 200 is 
the spinous process of the vertebra. 

1 5 The method further includes making a second dissection 206 in posterior 

element 200, the second dissection being on the contralateral side of the posterior 
element opposite the first cut. In this embodiment, posterior element 200 with a second 
connecting plate 106 or 130 coupled to a second bone anchor 102 fastened to the 
vertebra. 

20 In one embodiment, bone anchors 102 can be fastened to lateral mass 208 of the 

vertebra. In another embodiment, bone anchors 102 can be fastened to the pedicle of 
the vertebra. 

The method further includes coupling the connecting plate (106 or 130) to 
posterior element 200. 
25 In one embodiment of this method, embodiment 130 (FIGs. 3A-C) of a 

connecting plate is used. In this case, posterior element 200 is supported by buttress 
132. 

In yet another embodiment, the present invention is spinal fixation system 500, 
as shown in FIG. 15. System 500 comprises bone anchor 502, band clamp 504, bent 
30 rod 506 and dovetail threaded post subassembly 508. Other features and methods of 
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operation of system 500 are substantially similar to those disclosed herein for system 
100. 

EQUIVALENTS 

5 While this invention has been particularly shown and described with references 

to preferred embodiments thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



